Amino acid residues important for CMP-sialic acid recognition by the CMP-sialic acid transporter: analysis of the substrate specificity of UDP-galactose/CMP-sialic acid transporter chimeras.
In our previous studies, we demonstrated that chimeric molecules of the CMP-sialic acid (CMP-Sia) transporter (CST) and the UDP-galactose (Gal) transporter (UGT) in which the seventh transmembrane helix-containing segment was derived from the CST could transport both CMP-Sia and UDP-Gal and that the CST-derived seventh transmembrane helix segment was sufficient for the chimera to recognize CMP-Sia in the otherwise UGT context. In this study, we continued to more precisely define the submolecular region that is necessary for CMP-Sia recognition, and we demonstrated that the N-terminal half of the seventh transmembrane helix of CST is essential for the CMP-Sia transport mediated by the chimeric transporters. We further showed that Tyr214Gly and Ser216Phe mutations of a chimeric transporter that was capable of transporting both CMP-Sia and UDP-Gal led to the selective loss of CMP-Sia transport activity without affecting UDP-Gal transport activity. Conversely, when a residue in a chimeric transporter that was active for UDP-Gal transport but not CMP-Sia transport was replaced by Tyr, so that Tyr occupied the same position as in the CMP-Sia transporter, the resulting mutant chimera acquired the ability to transport CMP-Sia. These results demonstrated that Tyr214 and Ser216, located in the seventh transmembrane helix of the human CST, are critically important for the recognition of CMP-Sia as a transport substrate. Identification of determinants critical for the discrimination between relevant and irrelevant substrates will advance our understanding of the mechanisms of substrate recognition by nucleotide sugar transporters.